Abstract-Multimedia traffic is growing rapidly due to the advancement of the wireless technology and end user devices. These multimedia traffic demands for a satisfactory Quality of Service (QoS) and this becomes a challenge for the wireless network operators given the rapid radio propagation environments of the wireless channels. Channel Quality Information (CQI) report is an important parameter in wireless systems for determining the achievable data rate of multimedia transmission. However, a perfect CQI report is not always available at the base station. This requires the base station to correct the received CQI report. Therefore, this paper studies on a
INTRODUCTION
Humanity has achieved a new level of technological advancement. A lot of things have been discovered and invented in the past centuries. But a major breakthrough in the field of telecommunication was achieved in the last two decades when the world was introduced to the Internet. As time passed more innovations were done in this field to make the transmission of data more reliable and faster. Further, later in the years, the Internet was even available on the mobile phones. Due to high rise in the usage of Internet on the mobile phones and the high demand in data rates and satisfactory Quality of Service (QoS) [1] , Long Term Evolution-Advanced (LTE-A) was developed. The LTE-A is an improved version of the LTE where both technologies were developed by the Third Generation Partnership Project (3GPP) [2] . LTE-A supports significantly higher data rates both in the downlink and uplink as compared to the legacy LTE. LTE-A is expected to support a large capacity of users and provide-versatile services [3] .
The LTE-A's Enhanced Universal Terrestrial Radio Access Network (E-UTRAN) consists of base stations only and these base stations are known as Enhanced Node Bs (eNodeBs) in the LTE-A. The eNodeB is responsible to connect the User Equipment (UE) to the core network [4] . Moreover, eNodeB controls various radio related functionalities. The LTE-A employs different transmission access scheme in the downlink and uplink. The Orthogonal Frequency Division Multiple Access (OFDMA) is basically used for downlink transmission (eNodeB-to-UE). In OFDMA, the total bandwidth is divided into small divisions of orthogonal sub-carriers of 15 kHz and it is shared between different users [5] . Further, eNodeBs utilizes Adaptive Modulation and Coding (AMC) for Modulation and Coding Scheme (MCS) selections. The selection of MCS is dependent upon the Channel-Quality-Information (CQI) report [5] . In the downlink, CQI report contains information forwarded to the eNodeB by the UE, thus the eNodeB can select a suitable data rate for downlink transmission.
CQI is an important parameter in LTE-A which allows the system to obtain satisfactory QoS whilst maximizing throughput, capacity. However, a perfect CQI report is not always available at the eNodeB given the random variations, frequency selections and time-varying nature of the wireless channels [6] [7] . The CQI report that is available at the eNodeB may be imperfect due to erroneous CQI, outdated CQI as well as the absence of the CQI report [8] . It should be noted that erroneous CQI is the case where the CQI report arrives in error at the eNodeB whereas outdated CQI is the case where the CQI that is being reported by UE arrives after a certain delay. The absence of CQI reporting is the case where the CQI report never arrives at the eNodeB. These imperfect CQI reports may lead to the degradation on the QoS of multimedia applications given that the MCS being used (based on the CQI report available at the eNodeB) may not be relevant to the CQI value that is measured at the UE. This paper focuses on the case of outdated CQI report where the QoS of multimedia applications may significantly degrade at a higher user speed due to rapid channel variations.
Numerous CQI prediction techniques have been developed for the UE to minimize the QoS degradations due to the impact of the outdated CQI in the legacy wireless systems [6] . However, a limited study was found with regard to how eNodeB corrects the outdated CQI. [6] proposed a technique to reduce the effect of imperfect CQI in the quality of multimedia transmission by using the previous modified CQI, it may be difficult to be implemented in the complex downlink LTE-A due to the inclusion of a number of variables. [7] proposed a CQI correction technique using a Kalman filter with a grouping method to predict channelstates during the previous time interval, however it used optimization method which requires relaxing a number of parameters and assumptions. [9] proposed two CQI correction techniques namely Weighted Mean Scheme (WMS) and Normalized Least Mean Square (NLMS) to correct the CQI by predicting the CQI for predefined period of time. [10] proposed a MIMO switching technique in downlink LTE which is based on CQI correction. [11] proposed a technique that corrects the CQI based on the difference values of the average CQI taken for certain duration. [12] proposed an Average CQI correction algorithm, that corrects the CQI with unrealistic assumptions such as current CQI (CQI with no delay in feedback) is available at the eNodeB. Given these limitations, this paper studies a number of CQI correction techniques that can minimize the impact of the outdated CQI on the QoS of Real-Time (RT) multimedia applications in the downlink LTE-A.
The remaining parts of this paper are structured as follows: Section II reviews on the available CQI correction techniques followed by descriptions of simulation environment in Section III. Section IV discusses the results obtained via simulation and finally conclusions are given in Section V.
II. CQI CORRECTION TECHNIQUES
Most of the CQI correction techniques discussed in available in the literature did not offer ease of implementation in the downlink LTE-A (i.e. difficult to implement due to inclusion of number of variables or use optimization method that requires relaxing a number of parameters and assumptions). As such, a number of CQI correction techniques, which are the modified versions of the techniques discussed in Section I, were modelled in this paper. The modified CQI correction techniques are discussed next.
A. Modified New CQI Correction Technique 1 (MNCC1)
This CQI correction technique, known in this paper as Modified New CQI Correction Technique 1 (MNCC1), is the modified version of the CQI correction technique discussed in [7] . The MNCC1 utilizes the ACK/NACK received by the data block from the previous interval when correcting the CQI. if an ACK is received at the eNodeB, the CQI value is increased by one step; if a NACK is received by the eNodeB,-tthe CQI value is decreased by one step. However, MNCC1 technique does not take other parameters (such as spectral efficiency and MCS) when correcting the CQI. Moreover, MNCC1 does not take advantage of the outdated CQI report that is available at the eNodeB which makes it simpler for implementation in the complex LTE-A. The MNCC1 has the following equation:
where CQIc(t) is the corrected CQI at time t, * is to indicate that addition will only be performed if CQIc(t)<15, % is to indicate that subtraction will only be performed if CQIc(t)>0, and the value 0-15 is the CQI value.
B. Modified New CQI Correction Technique 2 (MNCC2)
Similar to MNCC1 technique, the MNCC2 is also the modified version of the technique discussed in [7] . However, this technique takes advantage of the available outdated CQI value at the eNodeB when correcting the CQI. This technique can be mathematically expressed as follows: (2) where CQI(t-CQI delay) is the CQI value at time (t--CQI delay) and CQI delay is the delayed CQI.
C. Modified Average Smoothing CQI Correction Technique (MASCC)
The MASCC takes advantage of the available outdated CQI value at the eNodeB when correcting the CQI. It takes the average of the outdated CQI and corrected CQI from previous interval. This technique can be mathematically expressed as follows:
D. Automated CQI Reporting Technique (AC)
In Automated CQI correction technique, the eNodeB directly uses the latest correctly received CQI [12] as shown in the equation below:
III. SIMULATION ENVIRONMENT
The CQI value comes from signal-to-interference-plusnoise ratio (SINR) measurement for each resource block (RB). The instantaneous SINR computed at UE is mapped into a CQI value. Then UE reports the CQI value to the eNodeB on each RB through the uplink feedback channel. The CQI value reported corresponds to an MCS in which block error rate (BLER) should not be above 10% threshold. The channel gain in LTE-A is computed from the shadow fading, path loss, and multi-path fading. The C++ simulator modelled the downlink LTE-A to consist of a single micro cell in a hexagonal shape. It has a radius of 350 m with two carrier frequency (CF) of 2.1 GHz and 700 MHz. Each CF contains 25 RBs. The downlink LTE-A is assumed to operate in the frequency division duplex (FDD) mode. The total transmission of power of the eNodeB is 45.01 dBm. In addition, a fixed user speed of 30 kmph and 60 kmph were considered. The distribution of the users is uniform in the cell. Given that this paper focuses on RT multimedia application, video streaming of 512 kbps average data rate was considered. The parameters used are given in TABLE I.
IV. RESULTS AND DISCUSSION
The performance of five outdated CQI correction techniques which are Ideal CQI Technique (IC), AC, MNCC1, MNCC2 and MASCC are evaluated on the basis of the packet loss ratio (PLR) and average throughput. It should be noted that the Ideal CQI is the technique where no delay in CQI report is assumed. This section is divided into two parts where the impact of the outdated CQI on RT QoS at 30 kmph and 60 kmph are investigated respectively. 
A. The Impact of the Outdated CQI on RT QoS at 30 kmph
It is assumed in this performance comparison that the CQI is reported at 1 ms delay. As the number of users increases, the PLR value increases accordingly. This is because with increasing number of users, more packets that arrive at eNodeB cannot be transmitted due to limited RBs. Some packets that approaches the delay deadline are discarded and thus increasing the PLR. It can be observed from Fig. 1 . and Fig. 2 . that the MNCC1 technique has the worst performance whereas the performance of AC technique is almost comparable to the IC technique. This is because the MNCC1 technique does not take advantage of the outdated CQI reports that are available at eNodeB when correcting the CQI as compared to the AC technique. However, at the required QoS of video streaming (i.e. PLR to be maintained below 10 -3 threshold to meet the requirement of RT QoS), the AC and MASCC techniques support up to 25 users. This achievement is comparable to the IC technique indicating the two techniques can successfully minimize the impact of the outdated CQI in the downlink LTE-A. The MNCC2 technique supports up to 10 users, which showing 60% degradation compared to IC. Similarly, it shown in Fig. 2 . that the average throughput of the AC and MASCC techniques are comparable to the IC technique. The MNCC1 technique has the lowest average throughput. Fig. 3. and Fig. 4 . show the performance of the evaluated CQI correction techniques for varying CQI delay. In this performance evaluation, it is assumed that the downlink LTE-A system contains 10 users in the cell. With increasing CQI delay, the PLR increases because the current CQI that is measured at the user may be different from the CQI that is available at the eNodeB due to rapid channel variation due to user mobility. This difference may result in error in packets transmission and hence requires retransmission. Given that more packets (new packets and packets that require retransmission) are queued at the eNodeB, competition for the limited RBs increases and more packets may be discarded for delay violation. It can be observed that at the required RT QoS, the MASCC technique can support up to 75 ms delay whereas the IC is limited up to 70 ms CQI delay. This result shows that the MASCC technique is superior to the IC technique where it can tolerate longer CQI delay (7.14% improvement compared to the IC). The MNCC1 technique has the worst performance because the technique decision is made without any knowledge of the CQI report.
B. The Impact of the Outdated CQI on RT QoS at 60 kmph
The performance of the evaluated CQI correction techniques with increasing number of users at 60 kmph user speed are illustrated in Fig. 5 . and Fig. 6 . In this performance evaluation it is assumed that the CQI is reported at 1 ms delay. At the required RT QoS, the AC, and MASCC techniques support up to 15 users, while MNCC2 technique can support 5 users (66.6% degradation compared to IC) only. On the other hand, the average throughput shows that the performance of MASCC is comparable to the IC technique. Fig. 7. and Fig. 8 . show the performance of five CQI correction techniques with increasing the CQI delay. In this performance evaluation, it is assumed that the downlink LTE-A contains 5 users. Fig. 7 . shows MNCC1 has the worst performance whereas MNCC2 performance is comparable to the AC (can tolerate up to 40 ms CQI delay). On the other hand, it can be observed that the IC technique can tolerate up to 75 ms CQI delay followed by the MASCC that holds up to 45 ms CQI delay. The MASCC degrades the RT QoS by 40% as compared to the IC whereas the AC and MNCC2 degrade the RT QoS by 46.6%. Similarly, it is illustrated in Fig. 8 . that the MASCC and AC techniques obtained average throughput close to the IC technique, while, MNCC1 obtains a low average throughput.
It is shown in the figures that the performance of the CQI correction techniques at 60 kmph is poorer than the case of 30 kmph. This is because the wireless channel fluctuates rapidly at 60 kmph compared to 30 kmph which results to the CQI report at the eNodeB quickly becoming more irrelevant and hence degrading the PLR and average throughput performance. V. CONCLUSION A number of CQI correction techniques were evaluated and compared. Simulation results demonstrate that the MASCC performance is almost comparable to the IC technique for 60 kmph user speed. However, at 30 kmph user speed the performance of the MASCC is slightly better than the IC where the MASCC technique is 7.14% more tolerant in minimizing the impact of CQI delay on the RT QoS. The MNCC1 achieved the worst performance followed by the MNCC2 (i.e. 50% degradation as compared to the IC for 30 kmph user speed). The performance of the AC algorithm degrades by 46.6% compared to the IC for the case of 60 kmph and comparable to IC at 30 kmph user speed. Based on the results obtained, it can be concluded that the MASCC algorithm is superior to other CQI correction techniques where it is capable to minimize the impact of the outdated CQI report compared to the ideal case (IC technique). For future work New CQI correction techniques will be investigated to tackle other types of imperfect channel conditions, and more research should be conducted on improving the working of CQI correction techniques based on other multimedia applications like web browsing, audio streaming.
